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Specification 

(54) Title of Invention: Manufacturing Method of Thin Film Transistor 
(57) Summaiy 

[Puipose] lb manLrfacture a thin film transistor without a lii^^h tenipenituro thermal 
pi-ocessingpix)cess. and to make a thVeshold voltage of the thin film transistor stable ami 
unifoi-ni. 

[Means for solution] A gate elect.ix>de 41 and a gate insulating film 42 aw> formed on i 
substrata DO. and a poly cystallino silicon thin Chn 10 with high impurity amconti-ation is 
formed w,th the gate oloctn,do 41 insulated. Then, an ion which inactivatos impurity 
element m sihcon is imjjlanted into one poition facing the gato (.|<x:r:rodo 41 (,f the 
poly-ciystalline siliam thin film 10. Accordingly, the porti(,n hecomoM a channel iv«W<m 1 
because the carrier concentration of the portion is lowered, and the rest become soui-ce and 
dram regions 2. Consequently, a thin film ti-ansistor wherein the carrier amcentraticai „f 
the channel i-egion 1 is contxx>lled precisely is manufactured without a high temperatu.v 
thermal processing pixicess. 

[What is claimed] 

[Claim 1] A manufacturing method of a thin film transistor comprising: 

a gate stiucture foi-ming pix)cess for forming a gate electrode and a gate insulating film; 
a depositmg process for depositing a semiconductor thin film with high impurity 

concentration with said gate electrode insulated; and ' 
a channel forming process for making one portion facing said gate oloctnxle of said 

semiconductor thin film a channel region by ion implanting and making the rest a sounv 

region and a chain region; 

wherein anion implanted in said ion implantation inactivates an impurity element in 
said semiconductor thin film. 

[Detailed Description of the Invention] 
[0001] 

[Field of the invention] Tlie present invention relates to a manufacturing method of a thin 
film transistor, for example used for a switching element of an active matiix type display 
device, furthermore rclatos in dot;ul to n manufacturing moth(Kl of n thin film tran^i^tor 
wherein an element that a stable and unifoi-m thi^shold volbige of each thin film tran-^istor 
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IS obtained and a multi giadation opeiaUon is possible can be manufoctiired without a 

thermal damage on a . substrate and with simple pix)cess. 
[0002J 

[Prior art] Conventionally, in an active matrix type display device using a material for 
displaying such as liquid ciystal etc., a thin film transistor is used as a switching element of 
each pixel. The thin film transistor like this, for example, is mentioned in Japanese Patent 
Gazette of Laid-Open No. Sho 63-224258 etc. 

[0003] The conventional manufacturing iii^h^~of a thin film transistor, in outlint., is 
manufacturing a thin film transistor .shown in Wgui-e « by a llow such a.s I jguiv 7. Tha t i.s 
(w say, fii-st a gat« electn>de r>l of the detadod shape i.s formed on a tnuispnixMit ^lass 
sul)str.ite 50 (a). This gate electn)dc 51 is made of metal such as mc.lylMlcnum (Mo) ^ytv.. or 
poly-ciystoUine silicon (Si). Then, a gate insulating film 52 is formed on the gla.ss substnite 
50 including this gate electrode 51 by CVD (chemical vapor pha.se deposition) (b). and a 
channel layer 53 is formed on this gate electrode 51 and the gate insulating film 52 (c). This 
channel layer 53 is made of amorphous silicon or polyciystidhne silicon, wherein an impurity 
with low roncenti-ation is doped. The threshold voltage Vu, of operation of the thin filni 
transistor is decided by the impurity concentration of this channel layer 53. 
[0004] Next, a channel stopper layer 54 of silicon nitiide (SiNv) is fiunied on this channel 
layer 53 by pJn.sma C\T) (d). Tliis channel stopper layer 54 hmimes nn et4;hing .stoppj.r in 
the subsequent .source and drain pn)cc.ssing. Then, the chaimol layer 53 i.'; etched into ( bo 
decided shape (e), on which a source and drain layer 55 is formed to the decided shape (0. 
furthermoi-e im which a souire and tlrain cJec(:i-ode 5fi is fornKMl lo the dcciclod slinpo (g). In 
case that the som-ce and drain layer 55 and the souix« and drain electrode 5(> are etched into 
the decided shapes, the channel layer 53 is prevented fi-om etching by the channel stopper 
layer 54. The souree and drain layer 55 is made of amoiphous siUcon Or poly ciysUiUine 
sihcon. wherein an impurity with high concentration (the same impurity f>fpn ixdarity n» the 
channel layer 53) is doped. The source and drain electrode 50 is made of met^l such a.s 
aluminum (AI) etc. At last, covering a silicon nitride protective film (Figiu-e is omittecO is 
performed by plasma CVD (h). consequently a thin film transistor device is accomplished. 
[0005] In the thin film transistor manufactured in this way. because the channel layer 53 has 
high resistance for its low impurity concentiation. the conductivity between the souit.'e layer 
55 and the di ain layer 55 is OFF under nonnal conditions. Howevei; when the voltage V,. is 
applied to the gate electrede 51, the field eflFect increasses the canier concentration in the 
channel layer 53 so that the resist^»nt value is lowered, amsequently the conductivity 
between the source layer 55 and the drain layer 55 becomes ON. The gate voltage V„ uses 
this ON reverse is a threshold voltage V,h. 

[0006] The manufacturing method mentioned above is that a thin film transistor is 
manufactured by using a tran.sparent glass substi-ate 50 as a substrate Ibr l)eing u.stnl for a 
display device, and not using high temperature thermal piwe.s.'^ing. for example, ion 
implanting and thermal difiusion, because this glass substiate 50 is ea.sily aflFected by liigh 
temperature Accordingly, in forming the channel layer 53 (c). and foiming the .soui^e and 
dram layer 55 (0, not a non doped film containing no impurity is deposited, and into which 
an impmity is introduced and diffused subsequently, but a doped film containing an impuritv 
fixim the first is deposited. 
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[0007] 

[Pwblems to be solved by the Invention] However, the thin film tnuisi.st«r nianufactm-ed bv 
said conventional method has problem that the threshold volt^if^o V,„ is variable oxtxiii-sivdy 
The cause is the variable impurity cx)ncentration of the channel layer 53. ' * 

[0008] Fii-st, for making this rea.scm dear, the relation Iwtwcon tho impurity (xmcontrai ion of 
the qhannel layer 53 and the threshold voltage V,j, is explained. A thin Qhn tnui.si.stor of thi.s 
kind operates ON by which the carrier concentration in the channel layer 53 rises up to tlu- 
value enough for conductivity between the source layer 55 and the drain layer 55 by the Oeld 
effect of the gate voltage V«. The gate voltage V, necessaiy for this operation is the 
threshold voltage V,j,. The impurity concentration of the channel layer 53 decides tlie 
original value of the earner a>ncentration, therefore, when the impurity concentration i.<i 
vaned, the threshold voltage is aLso varied. For example, in case that the impurity 
concentration is higher than the normal value, the original axniev concentration of the 
channel layer 53 is high, consequently the thin film transistor become.s ON by lower gate 
voltage V„. That is to say. the threshold voltage y,i, i.«? lowei- than tho ntnnial valiuj. On^lu^ 
other hand, in case that the impurity 'concenti^ation is lower than the normal value the 
threshold voltage V,h is higher than the normal value. Therefore, in order t« obtain the 
precise threshold voltage Vu.. the impurity concenti-ation of the channel layer 53 needs to be 
unifoim. 

[(Km] In said manufacturing method, (his channel layc-r 53 is fornuul by (U-posilinf; -.s 
doped film containing the impurity. However, in a region with low impurity con<x.nti ntion 
the concentration is variable extensively because it is diflBcuIt foi tlio device to control the 
concentration. On that point, this method is different fitnn ion implantation wherein the 
number of implanted ions can be amtrelled precisely. This variation of the .x,ncentrati.m 
exists between thin film tran-sistore each other on one sukstrate as well a.s between 
substrates. Accordingly, the threshold voltage V,h of each thin film transistxir is variablo. on 
one substrate. Consequently, the number of gradation of display used for a display device i<; 
limited to about sixty-four, and it cannot be increased any more. 

[0010] The present invention, is accomplished for resolving the prebknn.s of the a.nventional 
technology, and has the puiixise to offer a manufacturing method of a thin film transistor 
wherem a thi-eshold voltage V.h of a thin film transistor is stable and is obtained unifoi-mly 
wUh high reproducibility without high temperature thei-mal pim^essing pix)ces.s. 

[Means for resolving problems] A manufacturing method of a tJiin fdm tran.sistor eomxnnod 
m the present invention for accomplished said puiposes is characterized by comprising: 

a g^te structure forming pi-oqess for forming a gate eJectrcKle and a gat« insulating film; 
n dciKxsitmg p,txx?ss for depositing a semiconductor thin film with high impuiitv 
concentration with said gate elctrtixKle insulated; and 

a channel forming process for making one portion fiicing said gat« electnxle of .said 
semiconductor thin film a channel region by ion implanting and making the rest a souxx:e 
region and a drain region; 

wherein an ion implanted in said ion implantation inactivates an impurity element in 
said semiconductor thin film. 

[0012] In this manufacturing method. afl»r a gate electrode and a gate insulating film are 
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fonned in n g-ate structiuie foiniing pit)ce8S, a semiconductor thin film with high impuni v 
amcentration is deposited in a depositing process. Tliis semiconductor thin fihn is deposit* 1 
with the impui-ity concentration liaving a suitable resistant value for a soiut» region -md 
dram region of a thin film transistor. This concentration can be contmlled pred.sely by •* 
deposit apparatu-s. therefore the precision of the impurity concvntration in tlic semiconductor 
thin film is high. Also, this semiconductor thin fiJm is insulated fi-om tlie sate electrode hv 
the gate insiUating film. Th en, ion s are implanted into one ixntion of the seniiconduct.n- 
thm-film in a-charinel fonning process. Tlie portion into which the ions are iniplantod i« 
further one portion of the portion facing the gate electnxle in <;he soinia>hductor thin Chn 
The ions implanted hero inactivates the impurity element in the .«?emia)nductw thin film mi 
as not to contribute to earner gi-ant. Accordingly, the portion int.. which this i„„ is 
implanted becomes the channel region of the thin film traasistor because the wirrier 
concentration is lowered and the resistant value is increased in spite of liigh impurity 
amcentration. The portions where the ions are not implnntod in the somic(,nducU>r Ihin 
film become the source region and the drain region of the thin film transistor. Besides this 
ion implantation does not cause a thermal damage because a heating diffusion prt)cessin£r i.s 
not performed subsequently. 

[0013] The thin film transistor manufactured in this way compiises the channel region which 
is one portion of the semiconductor thin film with high impurity concentration and int., 
which the ions inactivating the impurity element are implanted, the .soun-c region and tho 
dram region that the rest of said semiconductor thin film, the gate electrode facing said 
channel regi.m and Inking wider than it, the gate insulating film insulating .sai.l «at., nnlv 
from said channel region, the source region, and the drain region. 

UX)14] In tliis thin film transistor, hecau.se the carrier conccMitn.tion is lowiMvd by nr.kin- 
inipunty element inactivate by ion implantation in tlie channel region, the re.sistant value of 
this region IS high. Accoixlingly in the normal condition, the «,nductivitv between tho 
souix:e region and the drain region is OFF by this channel region. Then, when a voltage V 
IS apphed to the gate electrode, an electric field by the volt.nge V^, on operates the whole 
channel region thi-ough the gate insulating film, and of which field effect increase.s the carrier 
concentration of the channel region, consequently the resistance of the channel region is 
decreased. When the voltage V, reaches the threshold voltage V*. the ctmductivitv between 
the source region and the drain region becomes ON. 

[0015] The gate voltage V, necessaiy for reversing the thin film ti-ansistor to ON that is to 
say, the threshold voltage V«, depends on the carrier concentration of the channel region in 
cnse that the gate voltage V, is zero. This carrier concentiation is a amcentration of an 
active impimty element in the channel region, which is subtracted the concentraticm 
inactivated by ion implantation in the channel forming ,,roce.ss fiom the impuritv 
concenti-ation at depositing the semiconductor thin film with high impurity a,ncent,ation in 
the depositing process. Besides, because the impurity amcentration at deposit am Ix' 
contro ed precisely by a deposit apparatus and the number of implanted ions can be 
controlled precisely in ion implantation, the concentration of the active impuritv element in 
the channel region can be controUed precisely and the reproducibilitv is high Consequently, 
even If a large number of thin film transistors are formed on one sub.sti-ate. the unifoi-mitv of 
the threshold voltage V.h of each thin film transistor is high. 
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[00161 Besides, in this thin fiJni transistor, because the channel i^gion, the .source i^sion . 
the dram x^gion are fonned as one layer of the semiconductor thin fihn with high f 
concentration, a coqt^ct msist^nce between the channel i..gion and tlic source and tho 
i-egions IS extremely low and a channel length can be shoitened. Accordingly ON i^si^tnZ 
IS low and high-speed operation is possible. " 

[0017] The foUowings are explanations by giving preferable situations for accomplishing snid 
purpose further satisfactorily "ngsaici 

[0018] [Situation 1] In a manufacturing method of a thin film transistor of claim 1 
manufacturing method of a thin film ti-ansistor whei.>in ion in.plant.tion in said cha„„c 
foi-mmg process is perfoi-med by patterning with photoresist mask, and an electrode formini 
pi-ocess for forming a souix:e electix^de and a drain electi-ode on a .soura. region and a dr m"; 

S fsT fi'™ - -icl channel fonning process is included. 

[0019] [Situation 2] In a manufacturing method of a thin film transistor of daim 1 . 
manufacturing method of a thin fihn transistor wherein an electn,de fonning pix,cess Ibr 
fonmng a source electrode and a drain eloctn,de on the portion to be a .soum. .-egion and m 
- : cU-am region of a semiccmductor thin film depcsitcd in said dop.,.sitin,^ prcK..,sH i.s included and 
ion implantmg is performed in said channel foi-ming proces.s «.sing this so„ix:e electix,de and 
the drain electrode as pattern masks. 

[0020] In mannferturing methods of UKse sit™tions 1 and 2, hecuse „ elect.«l,. a„,l 

a d>,un electrnde for a son™ .^gion and a d.-ain region a.t, ll,rnH,d ,n an c-lcctoKfe li„ „,„,.. 

P.ocess, an ohnnc contact, between the «,m-ce and the diBin regions and a wiring is obtained 

by the electr«.e and the drain eleC..„de. Especially, in the n,an„faC.„rinB m^h Urf 

s.tuat.on 2 because the sou.^ electixxle and the drain eIect„Kle a.. „..^d as L p" 

...asks at Km .mplantation, it is not nec,ssa.y to perform ph„.,li,.hog..phy f t,^" 
.mplantat,„„„„,y „j^h^„„^^^^^j,._^^^ B. pt» u,n 

10021J [Situation 3) In a manufacturing method of a thin film t.,u»,i.su„- of .situation 1 „r 
s U^^on 2. a manufacturing methcKi of a thin fihn U^nsistor whe^in a st,„per 
Process for formmg an etching stepper layer on a portion to .« a cha^c ■ 
semiconductor ton film deposited in said deposiUng p.«cess, or on a channel .eS™ J 

10022J In th« manufactm-ing method, the etclung stopper layer fonned in the ^topin-r 
fonmng p.«ess prevents the p„,ti„n to be the channel .egion of the .*n,ic„nduct„r thi^ fihn 
o the channel «g,on formed on the semicond«tor thin film fix>™ l»i„g eU*ed in etchin. 
electrode layer ,n an elecftxle foming pnxess. For, unde,- the condition Umt the e^;! 
layer ,s etehed. be<^use the semi^nduCor thin fihn is also e.«*ed fi^uently, it ,s ™t 

piooess can be before the electrode foi-ming p™:ess, and also tefia,! or after foiminB tho 
"".ft' -""-"-'"^"'in film in the channel forming pr-^cll ' 
faton 2 " 1 1^ « ■""""^^"""f fil"' '-"-s,.r of claim 1, situat„,n 

i.^»nrctf;tonT T of » film t..nsis,or whex.in a 

Ta bT™? r "T ^, """^'""^ '"'^ •■"""'"'«'"» '^■1-'" 'hin film 
o. a poly aystaDme sJicon Urn, film, and an ion implanted in said chamiel foxing pixxx-ss i. 
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[0024] In this mmiufacturing method, an amoiphous siHa>n thin fihn or a p(>lv-ciyst.,lii„^» 
silicon thin fihn with high impurity concehti-ation can be deposited a>ntit>lhng the inipuritv 
concentration precisely by a noi-mal depositing appaiatus. Si. F and Ai- have an operation 
for inactivating the impurity element by which they are ionized and implanted into the 
amoiphous silicon thin fihn or the poly ciystidline silicr>n thin film, and arc suit.-i!,Io for 
foraiing the channel i-egion. 
[0025] 

[Embodiment] An embodiment of the present invention is explained in detail referring to 
Figures. In a manufacturing method of a thin film tran-sistor tx>ncerned in each 
embodunent explained below, a large number of thin film ti-ansistoi-s are manufactured in a 
matiix shape on a transparent glaas substrate for using as switching elements of a liquid 
ciystal display device. However, for convenience' sake, only one thin film transistor is shown 
in Figm-es. 

[0026) First embodiment. This embodiment corresponds to claim 1, situation 1, situation 3 
concei-ned in situation 1, and situation 4 concerned in situation 1 . 

to027] This embodiment, 4s shown in Figure 3, fundamentally comprises: forming a .^f,t<> * 
electrode on a glass substrate (Si), forming a gate insulating film (82) forinincr 
poly ciystaliine silicon film as a doped film with high impurity concentration (S3) forming a 
channel region by implanting ions int« one portion of this polycn'stalUne siha,„ fihn anrl 
making the rest souiw and chain regions (84). forming a «:hann(.| sto,,p,n- fihn .xivcring Ihis 
channel region (S5). removing a superfluous portion of the ^mru^ and ( ht^ (h ain regions (.S(;) 
fl>iin,ng the jmire and drain regions (87). last of all. a.veri.ig the wJioio with a pn,te.:liv.; 
lilm(t>8). The following is a detailed explanation using Figure land Figure 2 
[0028] Figure 1 (a) shows a cress sectional view of the condition to form a gate ek«ctn,d,> 41 
gate insulating film 42 and a poIy ciystaUine silicon film 10 with high impuritv concentration 
on a glass substrate 50. Among these forming pixK:esses. fonning the gate eiectrede 41 and 
the gate insulating film 42 is a gate structure foinning prece^^s in claim 1. and fonning the 
claLT " "^''^ ^'^^ '""^""^^ concenti-ation is a depositing pixK.^.s.s in 

[0029] Fii-st. the gal« electitKle 41 is foiled with metal such as molybdenum etc. or 
poly-aystalhne sJicon on the glass substrate 50 (Si of Fig.u^ 3). This gate electrede 41 is 
formed by depositing a daubed film of metal or polyaystalUne siliam on the glass substret^^ 
.>0 with sputtering or CVD, and by pnx^essing the film into the decided shape with 
photohthogiaphy and etching. In ca.se of asing polyciyst^illine sili«,n. an impurity is made 
to contain for making sure of the conductivity. ' 
[0030] Next, the gate insulating fihn 42 is formed on the glass substrate O;, including the fjate 
electixKle 41 (S2 of Figure 3). The quality of the material of the gate insulating fihn 42 is not 
Inmted especially if it is excellent in insulating properties, hut it is gc>„eral t o form the ni.n 
using silicon oxide (SiOj. silicon nitiide. etc. by CVD. Though the gate insulating film 42 
exists on aU the surface of the glass substrate 50 within range of being shown in Figiu-e 1 (a) 
because it is not necessaiy in the portion except the thin film ti^ansistor. for example in the 
portion for foi-mmg a fiquid aystal element etc.. the unnecessaiy portion is removed by 
photohthogiaphy and etching. " 
[0031] Successively, the poly ciystaliine silicon film 10 with high impurity concentration is 



6 



" 09-074207 



formed on the gate insulating film 42 as a daulied film by C\^D (S3 of Figim; 3) This 
poly-ciystalline silicon film 10 becomes a channel region and soiu-ce and drain regions in the 
thin film transistor, and is insulated fix)m the gate electixxle 41 by the gate insulating film 42 
Then, an impurity with the decided concentration is made to aMitain in this poly-aystjilline 
silicon film 10 at deposit. Tliis impurity is an element imparting the conductivity to silicc,,, 
such as phosphorus (P). boron (B). etc. The concentration of this impurity i.s high 
conoenti-ation obtaining the suitable conductivity for the souree and the drain regions of the 
thin film transistor, amcretely, the poly ciystalline silicon film 10 with high impurify 
concenti-ation is deposited by mixing impurity supplying gases such as phosphine (PH s) and 
diborane (B-Mtd as an atmasphere g-as of CVD at the decided i-atio. The reason for making 
tbi.s impurity olemcnt contain at deposit is that it c-mnot Im> ma<le lo ronlaih by K.)Iid-|,h;,si^ 
diffusion et^-. after deposit because the substrate is the glnas substrate 50 being easily 
affected by heat. Besides, the poly ciystalline silicon film 10 is used in tliis case, but an 
amoiphous silicon film can be used if it has high impurity concentration. 
[0032] Figure 1 (a) shows the condition having been to S3. Sul)sequent Figxue 1 (b) shows 
ion implantation in a channel forming pr^ 

[0033] Fii-st. in order to perform this ion implantation, a lesist mask (Jl i.s paltenu-d by 
photolithogiaphy The resist mask 61 covei-s the portions to be souix» and diain regions in 
the poly-ciystalline silicon film 10, and has a hole in the portion to be a channel region. This 
bole portion is located over the gate electrode 41 and is njurowor (linn fhe gate electi-ode. 
Then, the ion implantation is performed in condition that this lesist mask Gl existe (S4 of 
Figure 3). The ion implanted here is an ion of element among Si. F. or Ar. These icns hnvv 
fimctions not making contribute to carrier giant by inactivating the impurity element 
contamed in the poly ciyst^Uline silicon film 10. 

[0034] When this ion is implanted, the ion penetrates intx) the portion wliore thei-usist mask 
Gl is opened in the poly ciystelline silicon film 10. and the portitm beccmics a channel region 
1. In this channel region 1. the impurity element is inactivated bv the ion implanted and 
the conductivity is loweied by reducing the earner concentration. On the other hand 
because the ion is masked in the portion covered with the r.>si.st ma.sk (Jl. the nxvi-wv 
ctmccntration of the poly-ciystalline silicon film 10 is kept high value at deposit These 
portions are used for source and drain regions. After the ion implantation, the resist mask 
61 is removed. Besides, because the thei-mal diffusion is not performed after thL^* ion 
implantation, the glass substrate 50 is not damaged thermally. 

[0035] Next, as shown in Figure 1 (c), a channel stopper 43 of silicon nitride is foimed on the 
poly-ciystalline sificon film 10 by C\T) (S5 of Figme 3). Hie channel stopper 43 is an 
etchmg stopper for preventing the channel region 1 fiom being etched in an et..hing 
piTXKssmg of the source and drain electi-odes mentioned later, and formed .so as to cover the 
channel region 1 and to jut out a little into the outside. Forming this channel stopper 4;i is a 
stopper foi-ming pixicess in situation 3. 

[0036] Successively, as shown in Figure 2 (a), the unnecessaiy poi-tion of the poly-ciystalline 
silicon film 10 is removed by photolithogiaphy and etching. Consequently, soiu-ce and di-ain 
regions 2 are processed (S6 of Figure 3), Besides, foi-ming the channel stopper 43 of Figure 1 
(c) and processing these .source and drain regions 2 can he exchanged in order. 
[0037] Next, as shown in Figtue 2 (b), source and drain electredes 44 are foimed on the 
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somx» and drain region 2 with metal such as aluminum etc. (S7 of Figiutj 3). F.u ming these 
«)ui-ce and drain electiixles 44 is performed by forming a daubed film of the met^.I by 
.sputtei-ing or CVD an^l processing by photolithography anil etching. In this etching pr<KX!s.s 
because the poly ciystalline silicon film 10 is also etched under the condition of etehing the 
source and drain electrodes 44, it is possible that the channel i-egion 1 is damaged so that it is 
necessaiy to take measures to prevent it. In this case, the channel stopper 43 performs 
preventing function for protecting the channel region 1. The source and drain electrodes 44 
formed in this way cover the upper side of the source and drain regions, and ohniic ainf^ct 
between them can be obtained. Forming the source and drain electrodes 44 is an electnxle 
forming pi-ocess in situation 1. 

[0038] Then, after forming the necessaiy wiring, as shown in Figure 2 (c), a pi-otective film 45 
of silicon nitride or silicon oxide is formed by CVD and cx)vers the whole (S8 of Figiux; 3). 
consequently a thin film transistor device is accomplished. 

f0039] The thin film transistor manufactured in this way conipnscs: the channel region 1 
whicli is one portion of the poly ciyst^nlline silicon film 10 with high impurity concentration 
and whei-ein an impurity element is inactivated by performing ion imj:.l;mtation of eloniont 
among Si, F, and Ai-; the sounx; and drain regions 2 that the xvst of the poly ciystallino silitxm 
film lO; the gate electrode 41 facing the channel region 1 and piwided wider tJinn the 
channel region i; the gate insulating film 42 insulating the channel region 1 and the souix.-o 
and drain regions 2 fiom the gate electrode 41; and the source ;uid drain okM:tnMl(.s 44 
coming into ohmic contact with the sourc-e and drain regions 2. A large number of tlu^ 1 bin 
film transistors of this kind are provided in matiix shapes on the gbms substrate 50. ;,ml 
operate as switching elements of the liquid ciystal display device. 

r0040] The thin film transistor like this has high resistant value of the channel region 1. Fta; 
m this region, the canier concentration is lowered because the impurity element is 
inactivated by ion implantation. Accordingly in the nonnal condition, when the voltage is 
applied between the souix^e and drain regions 2 with the soure-e and drain electirides 44 
these are not conducted each other. However, when the vt.ltage is applied to the g;U;J 
electrode 41. an electric field by the voltage affects the whole of the channel regi<m 1 
through the gate insulating film 42. of which field effect increases the aurior c:oncentration of 
the channel region 1 and the resistance is decreased. Then, when the gate voltage V„ 
reaches the threshold voltage V,j., an electricity is conducted Ixjtween the som^ce and drain 
regions 2. That is to say, the thin film transistor is reversed to ON. 

[0041] The gate voltage V,, necessaiy for ON revei-se of the thin film transistor, that is s;,y. 

the threshold voltage Vu, depends on the earner concentration of the channel region 1 in case 

that the gate voltage V« is zero (hereinafter refeired to as an original carrier con(xnitiation). 

The onginal carrier concentiation is a concentration of active impurity element in the 
channel region 1, which is subtracted the concentiation inactivated by ion implantation (S4 
of Figure 3) fiiom the impurity concentration at depositing the poly ciystalUne silicon film 10 
with high impm-ity concentration (S3 of Figure 3). Because the poly ciystalline silicon film 
10 is deposited with high impurity concenti-ation here, the concenti-ation can be ccmti-olled 
precisely at CVD apparatus, and the precision of the impmity ccmcentration of the 
poly-ciystalline silicon film 10 is liigh. Then, the number of icms implanted is amtrollod 
precisely in ion implantation. Therefore, the original earner concentration in the channel 
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i-egion 1 is piiedse. Aca)rdiiigl>^ the unifpmiit>' of the thi^shokl volhigt. V,„ <,f eacli thhi fihu 
transistor formed on one substrate is high. 

10042] This means that the multi^gradation operation of the Hquid ciystfil display device is 
possible. According to this thin film transistor, the number of gi adation of display operation 
on the liquid ciystal display device can be not less than 128. 

[0043] Also, in this thin film transistor, because the channel region 1 and the .source and 
drain regions 2 are deposited as the poly ciystalline sUicon film 10 with higher impuritv 
concenti-ation. and the channel ixigion 1 is distinguished from the .soum^ nnd drain ivgion.s 2 
by ion implantation, the contact resistance between the channel i-egion 1 and the soui^e and 
drain regions 2 can be almost left out of consideration. Al.«?<>. the channel length c:an be 
shortened. Acawdingly the msist*ince at ON revei-se is small and high spoed operation i.s 
passible. Especially, in case of using n-tyi)e pho.sphorus etc. as the impuritv element of the 
poly ciystalline silicon film, because the mobility of electrons is higher than that of holes, 
furthermore high-speed operation is possible. 

10044] Besides, forming the channel regionl and the source and drain regions 2 as ono la.vcr 
of the polyxiystalline sihcon film 10 in this thin film transistor reduces one timc\,f 
photoKthography and the number of photo mask, therefore, it does not make the 
manufacturing pixicess complicated and is profitable in manufacturing u).st. 
[0045] Also, because a high temperature thermal processing such as thennal difflision etc is 
n(,t used, a thin film transistor can be formed on a sub.strate without causing thermal 
damage. Consequently, this method is suitable for forming a thin film transistor as a 
switching element of a hquid ciystal display device on a gla.ss substrate aflected easily hv 
high temperature. ■ " 

[004G] AccoiTling to the first embcKliment explained al>,)ve in detail because Iho 
poly ciystalline silicon film 10 with high impurity concentration is deposited, of which one 
portion is made to be the channel region 1 by performing inat^ivntion of impuritv vlvmvrit 
with ion implantation and the rest is used as the soui-ce and ch-ain regi(ms 2. a large nUmlx-r 
of thin film transistors can be manufactured on the gla.ss substrate 00 without heating up lo 
high temperatuie excessively so as to make threshold volt<ige V,u uniform in simple 
manufactunng process. Besides, in the tliin film transistor manufiictured in this way ON 
resistance is low and high speed operation is possible. Consequently, multi gi-adation 
opera tion and high speed operation of the liquid crystal display device are po.ssible 
[0047] The .second embodiment. This embodiment con^.spond.s to claim 1. situation 2 
situation 3 concerned in situation 2, and situation 4 concerned in situation 2. 
[0048] This embodiment, as shown in Figure 6, fundament<nlly comprises; forming a gate 
electiTxle on a gla.ss substrat.e (Sll). forming a gato insulating film (Sl2). forming a 
poly-ciy.st.»llme .silicon film as a doped film with high impurity c:<M«x.ntr;,ti„n (Si:« forming a 
channel stopper film covering a portion to be a channel region in the polv cn'st.illine .siliam 
film (S14). removing a supei-fluoiis portion (S15). forming .sourcx? and drain electrodes (Sl(0 
forming a channel region on one pori;ion of the poly ciyst^iUine siliam film bv implanting ion.s 
and making the rest source and drain regions (Sl7). last of all, covering the whole with a 
pretective film .(Sl8). The following is a detailed explanation using Figvire 4 and Figiu-e 5, 
quoting the previous description common to the first emljodiment. and emphasizing a point 
of difference. 
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[0049] Foniung the gate electrode 41 on the glass substi-nte 50 (STl of Figmv (i) f„„,»„., , k 
gate insulating film 42 (S12 of Figure G). and fonnii^g the poly ciystaUinu silia,„ fih„ 1^ 
amoiphous siLcon film is possible) with high impurity concentration (Sl3 of Figtn^ 6) th 
same as those of the fiist embodiment (Si to S3 of Figvu-e 3). Figiu^ 4 (a) shows thl 
condition having been to S13 and the same stincture of Figure 1 (a) 

[0050J Next, as shown in Figure 4 (b). a channel stepper 43 of sili«,n nitride is formed on the 
poly-aystalline silicon film 10 by CVD (S14 of Figiu^ (J). 'Hro channel stopper 43 is ui 
etching stopper for pi^venting the poition to be a channel ix^gion in the poIv civstalli„c> 
silicon film 10 by ion implantation mentioned later fit,m being etehed in an etehing pnK.-ess of 
the soui-ce and dniin electnxles mentioned later, is foi-med .s„ as to a,vor tlic poition an.l t„ 
jut out a httle into the outside. This channel stopper 43 and its fox mation is the same as the 
explained matter by S5 of Figui-e 3 of the fii^t embodiment (Figvu^ 1 (c)). However in this 
embodiment, a total film thickness of the channel stopper 43 and the poly ciystallinc; .silicon 
film 10 needs to be thinner than a film thickness of the gate insulating film 42 For ions ai^e 
pi-evented fi-om penetrating into the glass substrate 50 in ion implant.iti.m mentioned later 
--. .KWolJ Successively, as shown in Figxire 4 (c), an unnecessaiy porti..n of the poh ciTstalhne 
sili<x)n film 10 IS removed by photolithogiaphy and etehing (Sl5 of Figure G) 'bv this 
etching, only the portions to be the channel region and the source and .Irain regions of the 
hmfilm t.ransistor m the poly cxystalline silicon film 10 remain. This etehing conx.spon,ls 
t« Figure 2 (a) and SO of Figxuxi 3 in the fii-st embodiment. I?5c^sidos. foiming the chann.^I 
stopper 43 of Figure 4 (b) and this etx^hing precess can be oxchansc in order 
10052J Then, as shown in Figxire 5 (a), the souree and drain electrodes 44 are formed with 
metal of aluminum ete. on the portions to be the somx^e and drain regions in the 

TstT ;r r the som^. and drain electredes 44 

72^1 u"^ fonning a daubed film of mel^l by sputtering or CVD. on which a resist mask 
G2 IS formed by photohthogiaphy and pixK^essing the daubed filnx by caching. T„ this etc hing 
px«:ess. because the poly ciystalline silicon fibn 10 is etched under the condition of e cWng 

damaeeTn^ . ^''^"^'^ '''' ^^^^^'^^^ P^^-" channel e^m^^^ 

fhP H T""'"" """'"^^ ^ ''^""^"^ fi^- ^--^ e'-hed. In this 

case, the channel stopper 43 performs preventing function for pn,t^H;tion of the film The 

T. "'^^^ "^*he portions to be 

the soui-ce and dram regions, and ohmic contact between them can be «bt.ai„ed. Forming 
the source and dram electredes 44 is an electrede fonning pnxx,.ss in situation 2 ind 
corresponds to Figure 2 (b) and S7 of Figure 3 in the first embodiment; ' 
m ^^) '^^.^'^"""f ' «»-ed by ion implantation (S17 of Fig^u. G and Figure 5 

(W). Tins on implantetion airresponds to Figure 1 (b) and S4 of Figure 3 in the first 
Tht^tTe T ' fo-in^P^-ss in situation 2. Therefore the implanted, io i 

^l^l th^ZT In this case, because the resist mask 62 in it^lf 

fuLtioi^nt a 7" ' ^""^'^ '""^ "^"^^ '^-^"^ ^''''^-^''^ -«^^ks ions by 

funcfe^amng as a stopper against ions, ions are not implanted into the portion to bo the souixx^ 

and diam regions and implanted into only the portion to be the channel region in the 

im^rter^ ^" "^"-^ ^^^^ - "-tivLd l,v the 

Z^^nr^r ^- T'"''"''^ " "^'^^^ ''''' ^'^^"^ -"c:ontrntion is reduced, 

consequently this portion becomes the channel region 1. On the other hand, becui^e the ion 
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.s masked ,„ the port,™ cc^-ered with tl,e ,«dst mask 62 afld th. «m.™ „„d d.™„ eloc„. . 
.4^ the earner concentration is kept high value at deposit These portions a« ^dT' 
sou.ce and dram 2. Besides, because ,he™ai diffusion is not perfo.™ed a j" , ^ 

.on ..nplantat.on, the glass subst.^te 50 is not damaged thcrmnHv. ""^ 
[0054] At this time, the accele.„tio„ enc-gy of the implanted i.,„ is „ |,.„ ,ne.-sy ,hm i„„« 
not passed th.«ugh the gate ins.Uati„g film 42 in a region outside the ..sist ma^k ' , " 
sou.« and dn„n electiodos 44 in Fig«ve 5 (b). Because the gbs, ^,h.„-„o SO „ tbt . 
is cove.^. with only the gate i„.Uating film 42, in case of i^.n t« w l.t, bH^^ 
.ons pene .-ate .nto the glass sutate 50 th.».,gh the gate insulat.' ,g B,„ 42 a. . .'f 
unfavo..ble phe„„,„e.,a as a disph^ device such as cbud of tbo gla» .-to On tt o 
hand, ene,^ to so.ne exte.,t is necessa.y as the i,„pla.,ted ions dfa.,ih.^te t^ wt^ 
flackness of the polycystamne sili«>n film ,0. When the accele.-ati„„ .,^-^7s,^S^ 
portion where the ca.™r co„c.„t.^tion is high .emains in the « m^Tth^i^ 

.nsu asngfil.., 42 in a thickness of the polrcystalbne s.licon film ,0. am „^t™ U™^„X' 

7rr""'r"=°"^''- '"'Wscase.asalx.vementio...^.,™'™ 
,^r„ "5?""" "'^'^ *^ ""^ polycystallinc silicon fil.„ 1» i„ „ ^^0, 

th n a film h,ckness of the gate insulating film 42, the accele.«tio„ ene.-gv whe.^m i 1 
no penetrate .,«o the glas,, substrate 50 and disUibute over «h> whole thirnr 7r it 
poly ciystalbne silicon film 10 can be chosen tmutncss of H«, 

iftf til''' '°? '7':"""''°" '-ving the .^sist ma.sk 02 as it is in Fi,^,„ 

^ft), but the .on .mplanlafon can l>e performed after .emoving Mk- u,sist mask (S Z , 
self ahgmnent funchonof the sou.™ and dn,in elect.T.des 44 bavin,, the s..,.rp.., ™, | ' 
Z'neT.:^or ~ the po.tio„ ^ the ^ITt^^ 

of the polyZS^ Si fflLTn T^^T ^ P""-" 

<mpu.tyeLLis iLr:L,tii.::l^iSoS^^^ - 

nnd drain rppionQ 9 fKof 4. r^i , «a"whk "^if ana tne source 

ferin^Z r 1 ^^"^ poly-ciyst^lline silicon film 10; the safe olcuhtKlo /II 

r^^t::- zi'ret~?:^::?*^^ -^tgate'r:;: 

elect.ode41, andthe source nnH Hf , T 1 =^ "«' 

and drain reZ, 2 k"" """■'''"'"^ "■""-'^ 
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fi >t one .,„ the p™„t thnt ON ...i^tan^ „„d hiBh-„K.Hl o„omti„„ is , , 

deposited ^ one layer of the poly cystaUine silicon fito 10. n„d pho,.lithogn,phv T 
■on ^plantafpn „smg the ..sist „ask 62 for the sou.«, and dLn elect^les i, p.^^ ^ 
or the source and drain elect,x,des 44 themselves as pattern m ,.ks is „.,7. T^'"" 
^nsequenay the manufacturing p.™ cut sC ^ll 

Tss'^rt"* . f T"'*"' " = 'Wn Cm transistor can , » f^^, 

-glass substiate-easdy affected by heat and ran ho „e^ f« i , ^""itcion,, 

cxystal display device. " """''^'^"^f^ « «n"icl 

[0059] According to the second eanbodiment explained in detail above, the poly aysfxllin 

sOlcon film 40 the channel region 1 is foi-med by whici, inactivntion „f impurit; element ^ 
performed by ,on nnplantation on the portion ™,t cove..d with tl„. s.™^ ' ,7 ,^ ' 
elocu^les 44 m the polyc.ystalli,» silicon fihn 10. „n.l the n.t is u.. , , : ^ Z , 

dmm regions 2, consequently, a large number of thin film ti,,,«isto,<, can be .Ulrr ; 
o glass substrate 50 without healin., .m l,i„l, , ""'is'stoiscan be manufactured on 

threshold voltages V,h with f f '^'">«'™""^ «' «» unify their 

ma„„,.ctui.d Ttl^: : ^ZtZ; tZarrh l"^ *^- ^r..^'^'^'^ 
Wdingl^themulti^^^^^^^^^ — . 

«nd the second embodiments are .x^ foLd .,l»,v<. 
however, fte p.^„t mvention is not. limited to said each cmNxtiment in w" " 

fOOBlJ Also. „n ex.^m;te7o, "th n "'^ 

switching element X Uou d , , ,'" T"-"'"^'' "" " ^''"^ ""'""""^ «»• "»!">-"•••"■ 

besides. LpreLltolZ J^r' 7 ,"^ " -""'■'•'in.ent, 

an object easil7rff^X .Sh tem;:^U^^'j:^^ ^ f"'™- 

t..uit.„,..„p,hedto^rmtTt^:rr"tt=t^^^^^^^^ 
^^^^^^^^^^^ ' ^^-^^z:^ 

[0062] ^'•^®'^''''y^*^^^^*>yh»&htempemtiutJtheiTnalpi-,H»ssin^ 

inactivation of impurTrmrm L t / Z'u ' "'""^"'""i"" - *."-'-d. 

semiconductor film to teTZnn^l '^'^'^^J^ implantation on ,.„e portion of the 

...ons. «.n.™y^"st:bJruX": rstid-rCvi r:ira;: r "r 

high tempeiatt" ^"^ " affected by 

[A brief explanation of Figures] 

[Figure U An e;^lanate.y view of a manufacturing method of a tlun film transi^ter 
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concerned in the first embodiment 

"^.l::^^ a manuracurin, method of a thin fil. 

" 1 a^^^^^^^^^ .si«>w„ 

fFigiu^ 4] An explanatoiy view of a manufacturing method of a thin film tr,„.i.^ 

concerned m the second embodiment. tirm.siRtor 

-[Fig.u^_5j-A,j^-expianatoxy:-view^^^^ ^^,hod of a thin film txnnsisi.>.. 

concerned m the second embodiment taansistor 

!X'.^ 4 ^rd'!"""""' " '-''"»«"*'»^^ ..f tu„ Bta U.„.is^,.. 

S^.^ ^""^ """""" " ""--"o™" n,anufi,ctmd„g method of a thin fi,„, 

!2^ttf ^ "^'"""'"'^ <— nal n,a„„fac-,,„ri„s .nettxxl „f a ,hi„ fi,„ 

[Explanations of marks] 

1 channel region 

2 source and drain regions 
10 poly-crystallino silicon film 

41 gate electrode 

42 gate insulating film 
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[Figure 3] 



Formation of gate electrode 
— — J _ — 
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Fonnation of gate insulating film 
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Fonnation of poly silicon film with high impurity concentniti;^ 



• ••S3 



Formati on of channel region by ion implantatit»n 

■ ■ i 
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Forming of channel stopper 
i 



Processing of .souix» and drain regions 
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Formation of source and th-ain electrodes 
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Formation of protective film [ ...S8 



[Figure 6j 



Formation of gate electrode 
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1 Fonnation of gat« insulating film . . .Sl2 
■ i 1 


1 roi-mation ot poly silicon film with high impurity concentratio^ 
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